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Eighty-two consecutive patients with interrupted aortic arch were referred 
to our institution between 1985 and 1995. Three died before any attempt at 
operation and 79 underwent surgical repair. Median age at operation was 
9 days (range 1 day to 6 years) and median weight was 3.0 kg (range 1.8 to 
20 kg). All but one were in severe congestive heart failure and 31.5% had 
oliguria or anuria. Preoperative pH varied between 6.8 and 7.4 (median 
7.3). Sixty-nine received prostaglandin E1 infusion and 54 received mechan- 
ical ventilation. Aggressive preoperative ressucitation was necessary in 43 
cases. Preoperative transfontanellar echography (performed routinely) 
since 1987 revealed intracerebral bleeding in six patients. Type A inter- 
rupted aortic arch was present in 37 cases, 41 patients had type B, and one 
had type C. Interrupted aortic arch was associated with single ventricular 
septal defect in 35 cases, 24 patients had associated complex heart defects, 
and 30 had significant subaortic stenosis (six had both subaortic stenosis 
and complex association). Aortopulmonary window was found in four 
patients, truncus arteriosus was found in eight, and transposition of the 
great arteries was found in five, double-outlet right ventricle was found in 
one, single ventricle was found in three, multiple ventricular septal defects 
were found in two and superior-inferior ventricles were found in one. 
Sixty-four patients underwent single-stage repair and 15 underwent mul- 
tistage repair. Aortic arch repair consisted of direct anastomosis in 59 
cases, patch augmentation i eight, and conduit interposition in 12. Ten 
patients underwent associated pulmonary artery banding and 19 under- 
went concomitant repair of complex associated lesions. The subaortic 
stenosis was addressed by four surgical techniques: myotomy or myectomy 
in five patients; creation of a double-outlet left ventricle, aortopulmonary 
anastomosis, and conduit insertion between the right ventricle and pulmo- 
nary artery bifurcation in four; no direct attempt o relieve the subaortic 
stenosis in six; and !eft-sided ventricular septal defect patch in 15. Mean 
duration of deep hypothermic irculatory arrest, crossclamp time, and 
cardiopulmonary b pass time were 38.8 -+ 15.6 min, 60.5 - 24.7 min, and 
143 -+ 40.1 min, respectively. Postoperative mortality rate was 18.9% (70% 
confidence limits 14% to 24.6%), and overal mortality rate was 31% (70% 
confidence limits 20.9% to 42.2%). The results have improved with time, 
with an overall operative mortality rate of 12% since 1990. Univariate 
statistical analysis revealed that early survival was influenced by preoper- 
ative renal function, detection of cerebral bleeding by transfontanellar 
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echography, the number of cardioplegic injections, and the date of opera- 
tion. Multivariate analysis revealed that preoperative renal function and 
the number of cardioplegic injections were independent risk factors for 
early mortality. Echocardiographic measurements of the left heart-aorta 
complex with preoperative Z Values as low as -4  demonstrated rapid 
growth after repair. In the presence of subaortic stenosis, better survival 
was obtained with a left-sided patch for ventricular septal defect closure 
(p < 0.05). Twenty-three patients underwent 26 reoperations for recoarc~ 
tations (seven), left bronchial compression (two), second-stage repair 
(eight), right ventricle-pulmonary artery conduit replacement (three), and 
miscellaneous (four). One of the survivors was reoperated on for subaortic 
membrane. Survival at 5 years for the entire series was 70%. For isolated 
forms, it was 73.5% (90% for 1990 to 1995), for complex forms it was 70%, 
and in the presence of subaortic stenosis it was 60%. In conclusion, 
interrupted aortic arch remains a surgical challenge with continually 
improving results. Early diagnosis with preoperative resuscitation and 
adequate myocardial protection seem extremely important for further 
improvements. Associated subaortic stenosis or complex lesions can be 
treated in a single-stage repair with satisfactory medium-term results. 
(J Thorac Cardiovasc Surg 1996;112:1150-60) 
I nterrupted aortic arch (IAA) is characterized by a lack of continuity between the ascending and 
descending thoracic aorta. It remains a rare congen- 
ital anomaly that is rapidly fatal if untreated. There 
is generally a persistent arterial duct that supplies 
blood to the lower body, and in the vast majority of 
cases a ventricular septal defect (VSD) is also 
present. !AA may also be associated with a variety 
of other, more complex cardiovascular anomalies, 
such as truncus arteriosus, aortopulmonary window, 
double-outlet right ventricle, and transposition of 
the great arteries. There is frequently some degree 
of obstruction or hypoplasia of the left ventricular 
outflow tract. 
Several publications have reported improved re- 
sults in terms of mortality as a result of better 
understanding of the anatomy, better selection of 
candidates for operation, and more intensive preop- 
erative resuscitation of the patients. 1-6 The last 
includes prostglandin E 1 infusion, low-dose dopa- 
mine perfusion, and assisted ventilation. All of these 
preoperative maneuvers aim to improve lower body 
perfusion, improve renal function, diminish acidosis, 
and maximize the pulmonary/systemic resistance 
ratio across the ductus arteriosus. In addition, more 
refined surgical techniques have been important in 
improving results. The one-stage repair with direct 
anastomosis of the proximal to distal aortic segment 
has provided satisfactory patency and growth, and 
better outcome was observed when such single-stage 
repair was associated with repair of intracardiac 
defects. 
Interestingly, some controversy persists regarding 
wether to treat significant subaortic stenosis (SAS) 
during initial repair, and a high incidence of secondary 
subaortic obstruction has also been described. 1'6'7 
Despite all these advances, little is known about the 
fate aortic anulus growth after initial repair. We report 
here our experience with repair of IAA during the last 
10 years. Particular attention was given to the risk 
factors for early mortality and to the growth of the left 
ventricular outflow tract. 
Patients and methods 
Between January 1985 and December 1995, 82 consec- 
utive infants were referred to our institution for repair of 
heart defects including IAA. Three died before any at- 
tempt at operation, and 79 were therefore ntered into a 
program of surgical repair. Patients with aortic coarcta- 
tion who still had a patent aortic isthmus and underwent 
a single-stage r pair through a midsternotomy were ex- 
cluded from this series. Patients without luminal continu- 
ity at the level of the aortic isthmus but in whom a fibrous 
chord connected across the interruption were also ex- 
cluded. There were 46 male and 33 female patients. The 
median age at operation was 9 days (range 1 day to 6 
years), the median weight was 3 kg (range 1.8 to 20 kg), 
and the median body surface area was 0.20 m 2 (Range 
0.13 to 1.18 m2). All but one patient was in severe 
congestive heart failure. Sixty-nine received prostaglandin 
E 1 infusion and 54 received mechanical ventilation. The 
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Table I. Patient populat ion 
Associated cardiac Total 
anomalies patients 
TypeA (n = 37) Type B (n = 41) Type C (n = 1) 
No. % N % N % 
VSD (isolated) 54 22 59.4 31 75.6 
VSD (multiple) 2 1 2.7 1 2.4 
Truncus arteriosus 8 2 5.4 6 14.6 
AP window 4 4 10.8 - -  
TGA and VSD 5 5 13.5 - -  
Single ventricle 3 1 2.7 2 4.9 
DORV 1 1 2.7 - -  
Superior-inferior 1 - -  1 2.4 
ventricles 
None 1 1 2.7 - -  




AP, Aortopulmonary; TGA, transposition of the great arteries; DORV, double-outlet right ventricle. 
median preoperative pH was 7.3. varying from 6.8 to 
7.5. Preoperative ressucitation, ecessary in 43 cases. 
included, in addition to prostaglandin E a and assisted 
ventilation, inotropic and renal support. Surgical repair 
was scheduled when pH and blood urea nitrogen were 
within normal ranges and when echocardiography 
showed an improvement in heart function. Twenty-four 
patients already had renal dysfunction, oligouria, ele- 
vated blood urea nitrogen, and creatininemia and were 
rapidly operated on despite aggressive preoperative 
resuscitation because of ongoing low cardiac output. 
Since 1987, transfontanellar echography (TFE) has 
been performed routinely in all cases. TFE revealed 
intracerebral b eeding in six, in whom CPB was there- 
fore contraindicated. DiGeorges syndrome was diag- 
nosed in 18 patients (five with type A IAA and 13 with 
type B IAA). 
Sequential anatomic evaluation was performed by 
angiocardiography in 23 cases and by cross-sectional 
echocardiography alone in 56 cases. The anatomic 
features of the aortic arch and the site of interruption 
were determined according to the classification of 
Celoria and Pattonfi Thirty-seven patients had type A 
IAA, 41 had type B. and one had type C. Anomalies of 
the supraaortic arch, including subclavian artery with 
retroesophageal course, were present in 12, and two 
had abnormal origin of the right subclavian artery from 
the right pulmonary artery. The intracardiac and extra- 
cardiac associated lesions are listed in Table I. On the 
basis of the anatomic features and the surgical tech- 
nique necessary for repair, the IAAs were divided into 
the following classes: isolated forms, with no associated 
defect other than a single VSD; complex forms associ- 
ated with other heart defects; and IAA associated with 
subaortic obstruction. Complex forms and subaortic 
obstruction were both present in six neonates. 
Preoperative chocardiographic measurements at dif- 
ferent levels of the left heart outflow tract were recorded. 
These included the subaortic diameter, the aortic anullar 
diameter, and the ascending aortic diameter. A bicuspid 
aortic valve, was found in 30 patients. The diameters were 
standardized toZ values by the following equation9: 
Z = log (Observed imension) - 
log (Mean normal dimension)/ 
SD, where SD is the standard 
deviation of the mean normal dimension. 
Surgery. Single-stage r pair was always favored unless 
there were contraindications to cardiopulmonary b pass 
(CPB) or it was considered by the senior surgeon t ° carry 
tOO high a risk in cases of complex forms. CPB was carried 
out with two arterial cannulas, one in the ascending aorta 
and the other in the pulmonary trunk, and two venous 
cannulas, one in each vena cava. More recently, the 
pulmonary artery trunk was cannulated with an arterial 
cannula nd the ascending aorta was cannulated with a 
cardioplegic needle Y connected to a venous line in the 
arterial ine. The aortic arch repair was performed with 
the patient in deep hypothermic circulatory arrest at 20 ° C 
core temperature, and the remainder of the repairs were 
performed with continuous CPB. Techniques of myocar- 
dial protection have evolved with time. At the beginning, 
no cardioplegia was used, on the assumption that deep 
hypothermia would afford sufficient myocardial protec- 
tion; later, a single blood cardioplegic nfusion was used, 
more recently, multiple blood cardioplegia njections were 
administered, and even more recently, myocardial perfu- 
sion was maintained during aortic arch repair. 5The mean 
deep hypothermic circulatory arrest ime was 38.8 + 15.6 
minuteS, the mean crossclamp time was 60.5 -+ 24.7 
minutes, and the mean CPB time was 143 _+ 40.1 minutes. 
The technical approach for repair always followed the 
same principles. After resectio n of all ductal tissues and 
extensive but careful mobilization of the descending aorta, 
three techniques were employed to repair the aortic arch: 
(i) Direct anastomosis between ascending and descending 
aortic segments was performed in 59 cases. (2) Hemicir- 
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Table II. Surgical procedures 
Lesions DA PA C 1-stage repair Pall, no PAB Pail, PAB 
Isolated IAA 26 1 4 27 3 1 
IAA and SAS 17 4 3 18 - -  6 
Complex IAA 12 2 4 15 1 2 
Complex IAA and SAS 4 i 1 4 1 1 
Total 59 8 12 64 5 10 
DA, Direct anastomosis; PA, patch augmentation; C, conduit; Pall, palliative r pair; PAB, pulmonary artery banding. 
cumferential nastomosis was performed between poste- 
rior aspects of the descending aorta and the remainder of 
the aortic arch, then the left aspect of the ascending aorta 
was split toward the aortic root as well as the descending 
aorta. The defect was then augmented with a pulmonary 
homograft patch. This technique was employed in eight 
cases. (3) Conduit interposition was performed in 12 cases 
(mean diameter 8.3 ram). Indication for a conduit was left 
to the surgeon's discretion, but the largest conduit that 
could be inserted was always selected. 
Single-stage repair was performed for 64 patients, and 
the other 15 had two-stage repair that included aortic 
contunuity restoration as part of the first procedure. Ten 
patients underwent concomitant pulmonary artery band- 
ing (Table II). The VSD was generally closed through a 
small right ventriculotomy. 
Subaortic stenosis. SAS was generally the result of a 
posterior misalignment of the septal conus and was as- 
sessed at echocardiography b  measurement of the sub- 
aortic diameter, the aortic anullar diameter, and the 
ascending aortic diameter, mWhen the subaortic diameter 
was smaller than two-thirds of the aortic anullar diameter, 
SAS was considered to be severe. Different surgical 
approaches were used to deal with this anatomic arrange- 
ment: (1) Aortopulmonary anastomosis with or without 
creation of a double-outlet left ventricle by tunnel con- 
struction between the VSD and the pulmonary anulus and 
reconstruction of the right ventricle to pulmonary artery 
bifurcation continuity with a valved extra cardiac conduit 
or homograft was performed in four cases.11 (2) Resection 
of the conal septum was performed in five cases. 12 (3) 
Everting suture on the conal septum to apply the patch to 
the left aspect of the conal septum was performed in 15 
cases .  13 In these cases U stiches are passed through the 
full thickness of the conal septum from its right to left 
aspects by way of a small right ventriculotomy. These 
stitches allowed the surgeon to gently pull out the septum 
and to place the patch on the left aspect of the VSD. They 
were then passed through the patch and tied on its right 
ventricular side. (3) Standard VSD closure ignoring the 
SAS was performed in six cases. (4) Finally, in 12 cases 
aortic arch continuity was restored through a left thora- 
cotomy without use of CPB. This was done either early in 
our experience, or later in cases with contraindications to 
CPB and full heparinization. This latter was the cause in 
six cases with preoperative neurologic disorders related to 
intracerebral b eeding and in one case with a solitary IAA. 
Follow-up. Follow-up was achieved for 95% of the 
survivors by means of telephone calls and correspon- 
dence with the referring pediatric cardiologists. Infor- 
mation about the growth of the left ventricular outflow 
tract was particularly noted. At the time of last follow- 
up, the left ventricular outflow tract structures, includ- 
ing the subaortic area and the aortic annular diameter, 
were standardized to Z values by the previously de- 
scribed equation. The median follow-up was 22 months 
(range 6 to 129 months). 
Statistical analysis. Risk factors for early mortality 
were assessed by univariate analysis. The t test was used 
for continuous variables and the X 2 test was used for 
dichotomous variables. Multivariate analysis was per- 
formed by stepwise logistic regression with SPSS software 
for Macintosh (SPSS, Inc., Chicago, Ill.). Time related 
events were examined by Kaplan-Meier actuarial meth- 
ods. Comparisons between survival rates were performed 
with the log-rank test. Ratios were expressed with 70% 
confidence limits (CL). 
Results 
Survival. (Fig. 1, Table I I I )  Survival has im- 
proved considerably throughout this 10-year period. 
Overall early mortality was 18.9% (15 patients, 70% 
CL 14% to 24.6%). It was 19.3% (70% CL 11% to 
29%) for isolated forms, 20.8% (70% CL 11% to 
33%) for forms with SAS, 11.1% (70% CL 1.8% to 
24.3%) for complex forms, and 50% (70% CL 
22.5% to 76%) for complex forms with SAS. Anal- 
ysis of the mortality rates shows that during the early 
period (1985 to 1990) the overall early mortality rate 
was 31.0% (70% CL 20.9% to 42.2%). In the second 
period (1990 to 1995), these rates changed to an 
overall early mortality rate of 12% (70% CL 6.7% to 
18.7%), a 5.2% rate (70% CL 0% to 16.7%) for 
isolated forms, and a 16.1% rate (70% CL 8.3% to 
25.9%) for other forms. This difference between our 
early and our late experience was not statistically 
significant. 
Risk factors for early death. Several variables 
were addressed by univariate and multivariate 
analysis to find significant risk factors. None of the 
demographic  variables, anatomic variables, or the 
different surgical techniques were found to be 
significant risk factors for early death. Univariate 
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Fig. 1. Patients distribution and mortality according to year of operation and surgical technique. 
statistical analysis revealed that early mortality 
was strongly influenced by the preoperative status 
(renal function and neurologic alteration from 
cerebral bleeding); the quality of myocardial pro- 
tection and the year of operation had also signif- 
icant impacts on the early results. Multivariate 
analysis by stepwise logistic regression showed 
that only the preoperative renal function and the 
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Table III. Results 
Total deaths 
Total (N 79) Early Late 
Associated cardiac anomalies No. % No. % 70% CL (%) No. % 70% CL (%) 
VSD 31 39.24 6 19.3 11-29 2 13.3 1-18 
Multiple VSD 2 2.53 0 0 0-60 1 50 4-93 
SAS 30 37.97 5 16.6 8-26 4 16 7-28 
Myomectomy or myectomy 5 6.32 3 60 29-86 1 50 4-93 
DKS 4 5.06 0 0 0-37 2 50 16-89 
Left sided patch 15 18.98 0 0 0-12 0 0 0-12 
VSD closure 6 7.59 2 33.3 8-62 1 25 (!-62 
Truncus arteriosus 8 10.12 2 25 5-49 0 0 0-27 
TGA and VSD 5 6.32 0 0 0-37 2 40 11-71 
AP window 4 5.06 0 0 0-31 0 0 0-37 
Single ventricle 3 3.79 1 33.3 0-75 0 0 0-60 
DORV 1 1.26 0 0 0-85 0 0 0-85 
Superior-inferior ventricles 1 1.26 0 0 0-85 0 0 0-85 
None 1 1.26 0 0 0-85 0 0 0-85 
DKS, Damus-Kaye-Stansel anastomosis; TGA, transposition f the great arteries; AP, aortopulmonary; DORV,, double-outlet right ventricIe. 
number of cardioplegic injections were indepen- 
dent risk factors for early mortality (Table IV). 
Surgical approaches 
One-stage versus two-stage repair. Fifteen patients 
at the first palliative procedure underwent repair of 
the aortic arch, associated with pulmonary artery 
banding in 10 cases. Reasons for preference of a 
two-stage repair were complex anatomy in eight cases 
(multiple VSDs in two, transposition of the great 
arteries in three, single ventricle in three), intracere- 
bral bleeding in six, and before single-stage r pair was 
used at all in one. Of these 15 patients, one died in the 
hospital, two died while awaiting complete repair, and 
eight could undergo secondary repair, with three 
deaths at complete repair in this group. There was no 
statistical difference in the mortality rate between 
single-stage or two-stage repairs. 
Surgical technique for restoration of aortic arch 
continuity. Three techniques were employed for re- 
construction ofthe aortic arch: direct anastomosis in 
59 cases, direct anastomosis with patch augmenta- 
tion in eight cases, and conduit interposition i 12 
cases. Mortality was not related to the surgical 
technique for aortic arch reconstruction. In one 
case, a 5 mm polytetrafluoroethylene conduit was 
electively replaced 5 months later with a 10 mm 
conduit at the time of complete repair. At long-term 
follow-up, only one of the survivors who underwent 
conduit interposition had an arch obstruction as a 
result of the conduit. 
Restrictive left ventricle-aorta complex. The differ- 
ent potentially obstructive l vels throughout the left 
Table IV. Statistical analysis 
Risk factor Univariate p value Multivariate p value 
Renal function 0.007 0.03 
TFE 0.02 NS 
No cardioplegia 0.0002 0.03 
Operation before 1990 0.02 NS 
NS, not significant. 
ventricular outflow tract were examined. Thirty pa- 
tients had SAS; in 15, the subaortic diameter was 
less than two-thirds of the aortic anular diameter. 
Distribution of the Z values is depicted in Fig. 2. 
Mortality was not influenced by the size of the left 
ventricular outflow tract. The subaortic obstructions 
were surgically addressed by four main surgical 
techniques: (1) resection of the conal septum in five 
patients, creation of a double-outlet left ventricle 
associated with aortopulmonary anastomosis and 
conduit insertion between the right ventricle and 
pulmonary artery bifurcation in four patients, no 
direct attempt to relieve the subaortic obstruction i
six patients, and application of the upper edge of the 
patch to the left aspect of the conal septum in 15 
patients. The last technique was associated with no 
deaths and a 100% survival (p < 0.05 vs other 
approaches for SAS). 
Complex associations. Twenty-four patients had 
complex heart defects that included an IAA (Table 
I). This subgroup had actuarial survivals of 83.3% 
and 70.5% at 1 month and 5 years, respectively. 
Nineteen patients in this subgroup underwent sin- 
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Table V. Reoperations 
Cause No. 
Recurrent coarctation 7 
Residual VSD 1 
Subaortic membrane r section 1 
AV block 2 
Reconstruction f RVOT 1 
Secondary closure of VSD with PAB removal 4 
ASO 3 
Replacement of RV-PA conduit 3 
Cavopulmonary anastomosis 1 
Bronchial compression 2 
Diaphragmatic plication 1 
AV, Atrioventricular; RVOT, right ventricular outflow tract; PAB, pulmo- 
nary artery band; ASO, arterial switch operation; RV, right ventricle; PA, 
pulmonary artery. 
gle-stage repair; five underwent wo-stage repair. 
The latter approach ad no negative influence on 
survival. Complex association with IAA had no 
statistical impact on early and late mortality. 
Follow-up. A mean follow-up of 39 + 40 months 
was achieved for 95% of survivors. Accurate informa- 
tion about heart measurements could be obtained for 
40 (72%); all others without such information were 
known to be alive at the time of this study. 
Reoperations. Twenty-three patients underwent 
26 reoperations (Table V) for a residual or recur- 
rent defect, either to undergo complete repair 
after a palliative first stage or because of the 
natural evolution of the underlying type of initial 
repair. There were three deaths at reoperation: 
two patients with transposition of the great arter- 
ies and one with severe obstruction of the pulmo- 
nary bifurcation as a result of the pulmonary 
artery band. 
Growth of the left ventricular outflow tract. Among 
the 55 long-term survivors, only two had a subaortic 
membrane; one of these underwent reoperation. 
None of the others had significant subaortic obstruc- 
tion. Furthermore, the aortic anulus had grown to 
nearly normal values at last echocardiographic as- 
sessment. Fig. 3 depicts the Z value distribution for 
the left side of the heart. Isthmic recurrent anasto- 
motic stenosis with a gradient greater than 30 mm 
Hg occurred in 15 patients (27.2%). Seven under- 
went reoperation, five underwent balloon angio- 
plasty, and three are still waiting for a further 
procedure. Interestingly enough, the surgical tech- 
nique for aortic arch repair was not a risk factor for 
development of recurrent arch obstruction; in par- 
ticular, those with conduit insertion did not have this 
type of complication. A 5 mm polytetrafluoroethyl- 
ene conduit was electively replaced at the time of 
complete repair in one patient. 
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Fig. 3. Z value distribution at a median follow-up of 22 postoperative months (40 patients). Diameters of 
ascending aorta were not available. Ao, Aorta. 
Status of survivors. Among the 64 hospital survi- 
vors, there were nine secondary deaths. Two oc- 
curred after palliation while awaiting complete re- 
pair; three occurred after complete secondary 
repair. Three other infants died between 3 and 6 
months after operation without evidence of residual 
cardiac defects. Another died 2 years later of graft- 
versus-host reaction after bone marrow transplanta- 
tion. Among 55 long-term survivors, 53 could be 
traced; in the case of one overseas patient, the last 
information was obtained in April 1993, 3 years after 
initial operation. All were in New York Heart 
Association functional class 1 or 2, and only three 
still received afterload-reduction therapy. 
Actuarial survival rate at 5 years was 70% for the 
overall series. Rates were 73.5% for isolated forms, 
70.6% for complex forms, and 60% for those with 
SAS (Fig. 4). There were no statistically significant 
differences among these survival rates. Overall 
5-year survival rate for patients undergoing two- 
stage repair was 60%, versus 70.3% for those who 
underwent single-stage r pair. In addition, compar- 
ison of the survival rates among patients undergoing 
two-stage procedures from the point of completion 
of both stages with rates of those undergoing single- 
stage procedures did not show a statistically signifi- 
cant difference (75% vs 70.3%). 
Discussion 
A recent publication on a multiinstitutional study 
undertaken by the Congenital Heart Surgeons Soci- 
ety reported several important conclusions with 
respect to the risk factors for early death after repair 
of IAA. 6 These conclusions were not fully supported 
by our retrospective study. In our study, none of the 
demographic, anatomic, and surgical variables ana- 
lyzed were risk factors for early death. Only the 
preoperative status and the adequacy of myocardial 
preservation seemed to influence the early outcome. 
Although most of the critically ill neonates with IAA 
had aggressive preoperative r suscitation, some re- 
quired prompt operations because of ongoing low 
cardiac output and organ failure that did not im- 
prove despite medical support. Also, univariate 
and multivariate analyses of the number of car- 
dioplegic injections during repair revealed that 
multiple-dose cardioplegia was associated with 
better survival. Although experimenters continue 
to debate optimal myocardial protection for im- 
mature hearts, 14 it is evident from this study that 
multiple-dose cardioplegia was better than the 
other methods. 
Another important issue reported in this study 
was the usefulness of TFE to detect preoperative 
intracerebral b eeding. TFE detected such bleeding 
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before operation in six patients, who therefore 
underwent early palliation without CpB. Three 
other patients died after complete repair under CPB 
of neurologic omplications found at postmortem 
examination tobe related to cerebral bleeding. 
Beyond the postoperative period after single- 
stage repair, there continued to be attrition rate, 
which tended to reach a plateau at 6 months after 
repair. On the other hand, patients who underwent 
palliation had a higher attrition rate both during the 
intermediary period while awaiting repair and at the 
time of complete repair. A single-stage repair 
should therefore be recommended whenever feasi- 
ble. 
Left ventricular outflow tract size has been a 
source of several discussions. What is the minimal 
diameter of the aortic anulus below which standard 
repair is not acceptable? What is the best approach 
to deal with SAS? From this and other studies, the 
mean Z values of the aortic anulus and subaortic 
area were -4, but some patients had Z values as low 
as -9. These small left ventricular outflow tracts 
were not incompatible with a standard biventricular 
repair; moreover, these sizes tended to approximate 
the ~normal value at last follow-up (Fig. 2). The 
patient with the smallest aortic anulus in this series 
(3 mm) demonstrated rapid growth, with an aortic 
anullar diameter of 8 mm at 6 months after opera- 
tion. The same observation was true for the subaor- 
tic area, particularly when there was no obvious 
SAS. In the presence of SAS, several procedures 
have been proposed. 11-13' 15, 16 Early in our experi- 
ence, we had been concerned by this anatomic 
condition, and we therefore opted for different 
surgical techniques such as creation of double-outlet 
left ventricle with aortopulmonary anastomosis and 
right ventricle-pulmonary rtery continuity recon- 
struction or myectomy. These procedures did not 
improve early survival and even carried high mor- 
tality rates. We then moved to a simpler technique 
that was recently published by Luciani and col- 
leagues. 13 The patch for closure of the VSD is 
applied on the left side of the septum to pull the 
conal septum into the right ventricle. With this 
technique, there were no related deaths and the 
subaortic area demonstrated satisfactory growth. 
Only two patients, one of whom underwent reop- 
eration, had subaortic membranes. The mean left 
ventricle to aorta gradient at 2 years of follow-up 
was 6.25 _+ 10.1 mm Hg. We therefore believe that 
a standard repair should be done regardless of the 
anatomic characteristics of the left heart-aorta com- 
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plex, assuming that these areas will grow after 
reestablishment of a pulmonary to systemic resis- 
tance ratio of 1:1. In cases with a left heart-aorta 
complex smaller than 3 mm, however, we have no 
data to support his concePt, and such cases proba- 
bly should be considered as aortic atresia. Tech- 
niques for repair of the aortic arch have also been 
debated. Direct anastomosis with arch and ascend- 
ing aorta patch augmentation has been advocated by 
several authors, 6'17 assuming that no (or few) oper- 
ations will be required for recurrent stenosis and 
that augmentation would promote growth of left 
heart structures. Again, our data do not support his 
theory, because 59 patients had direct anastomosis 
without patch augmentation a d only nine required 
a procedure (operation or angioplasty) for reccur- 
rent stenosis. Moreover, direct anastomosis without 
patch augmentation was not a cause of insufficient 
growth of the left heart-aorta complex. On the other 
hand, in complex IAA with truncus arteriosus, trans- 
position of the great arteries, or single ventricle, 
patch augmentation appears to be an important 
adjunct to the surgical technique for completion of a 
widely patent aortic anastomosis to cope with the 
size mismatch of the great arteries. 
Association of complex malformations remains a
surgical challenge with demanding techniques. 18"2° 
In most of these forms, palliation has proved to be 
unsatisfactory and complete repair should be under- 
taken at birth. This was particularly the case for 
patients with truncus arteriosus and aortopulmonary 
window. There were five cases of transposition of 
the great arteries and IAA; two of these patients 
underwent eonatal complete repair with no deaths, 
and three underwent a two-stage repair with two 
deaths at time of the arterial switch operation. 
Although this represents a limited subseries, the 
neonatal single-stage r pair is now favored in this 
subset. There were three patients with single-ventri- 
cle physiology; two underwent a Norwood-type pro- 
cedure and could have a second stage bidirectional 
Glenn anastomosis. The third patient underwent 
repair of the aortic arch with pulmonary artery 
banding and died early of severe SAS. This experi- 
ence with patients with single-ventricle physiology 
and systemic obstruction has been published else- 
where, 21 and its results strongly favored agressive 
neonatal surgical relief from all potential residual 
systemic obstruction by the Norwood procedure. 
Finally, in the current era, the operative risk for a 
neonate with IAA and VSD is 5%, with a 5-year 
survival of 90%. Association with SAS and complex 
malformations reduce the 5-year survivals to 60% 
and 70%, respectively. 
In conclusion, IAA remains a surgical challenge 
with continually improving results. Early diagnosis, 
preoperative ressucitation, and adequate myocar- 
dial protection seem to be of extreme importance 
for further improvement. Associated SAS or com- 
plex lesions can be treated by single-stage repair 
with satisfactory medium-term results. 
Addendum 
Since the submission fthis article, a 3-year-old patient 
who had undergone a single-stage r pair for type B IAA 
elsewhere as a neonate was referred to our department for 
treatment ofsevere aortic valve stenosis and SAS. A Ross 
procedure was scheduled. Preoperative assessment showed 
that the pulmonary valve has been impaired, however, 
probably by closure of the VSD through the pulmonary 
trunk. This finding was confirmed at operation, and the 
patient instead underwent an aortic ommissurotomy asso- 
ciated with subaortic resection offibrous tissue. This obser- 
vation raises a point of caution regarding subsequent Ross 
procedures in patients in whom the VSD is dosed through 
the pulmonary trunk. 
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Discussion 
Dr. Richard A. Jonas (Boston, Mass.). I congratulate 
you and your colleagues on a lucid analysis of an outstand- 
ing surgical series of patients with IAA. 
In 1994, I had the privilege of analyzing, in conjunction 
with Drs. Kirklin and Biackstone, the results of a prospec- 
tively enrolled series of 250 neonates operated on by 
members of the Congenital Heart Surgeons Society 
(CHSS). Although there are some important differences 
between the two Series, the conclusions that we came to 
are similar to your conclusions. 
One of the interesting differences i the lower incidence 
of patients with type B IAA. In the CHSS series, 79% of 
the patients had type B interruption, in contrast to about 
52% in your series. In the CHSS series, type B interrup- 
tion was a risk for death at any time. 
You were able to identify only preoperative renal 
function and single-dose cardioplegia s risk factors for 
death. In contrast, the CHSS series identified, in addition 
to type B interruption, lower birth rate, younger age at 
repair, outlet VSD, smaller VSD, SAS, stenosis, and use 
of a Damus-Kaye-Stansel-type repair. The last factor is 
important because there is a risk that the small size of the 
left ventricular outflow tract (which is almost always 
small) might tempt surgeons to alter their operative repair 
to bypass the SAS by a Damus-Kaye-Stansel-type repair 
or to resect the SAS. In the CHSS series, both these 
approaches were associated with significantly higher risk 
of death. I note that in your series, two of four patients 
who underwent Damus-Kaye-Stansel-type anastomosis 
repair died, and four of five who underwent subaortic 
resection ultimately died. That these factors did not 
appear in either multivariate or univariate analysis as risk 
factors presumably reflects the small sample and high- 
lights the advantages of a multiinstitutional study for rare 
anomalies such as IAA. You have nevertheless concluded, 
as did we, that a standard repair should be applied unless 
the subaortic area is smaller than a Z score of approxi- 
mately -9 ,  corresponding in the average neonate to a 
narrowest dimension of about 3 ram. 
I am intrigued that you found multidose cardioplegia to
be associated with better survival. This has not been our 
experience, and we continue to use single-dose cardiople- 
gia for neonates. Have you had similar experiences with 
other neonatal repairs, such as the arterial switch, and 
have you moved to multidose cardi0plegia for all neonatal 
procedures? Can you tell us something about your current 
technique of myocardial protection for neonates and 
speculate regarding what differences from other groups 
might explain your improved results with multidose car- 
dioplegia? 
Dr. Serraf. Although several experimental studies 
have shown that multidose cardioplegia was less than 
optimal for neonatal myocardial protection, in the 
clinical arena we have observed the Opposite effect. In 
our population with transposition of the great arteries 
who underwent an arterial switch operation before the 
first month after birth, multidose cardioplegia, either 
blood or cristalloid, was associated with better survival, 
lower rate of delayed sternal closure, and shorter 
intubation time. We could also demonstrate by serial 
echocardiographic studies in the intensive care unit that 
the myocardial performance was significantly better 
with this type of myocardial protection. When only 
analyzing the shortening fraction, the immediate post- 
surgical values were higher with multidose cardioplegia 
than with single-dose cardioplegia to begin with. More- 
over, recovery to normal values was faster with this type 
of myocardial protection than with single-dose cardio- 
plegia. These observations have prompted us to use 
multidose cardioplegic infusions for all neonatal car- 
diac repairs. The quality of postoperative myocardial 
performance, however, is probably multifactorial. In 
our setting of continuous CPB, the cardioplegic solu- 
tion is not sucked to the pump reservoir but to the wall 
suction, and therefore the use of multidose cardioplegia 
does not increase the pump volume. We wonder 
whether if i t  was sucked to the pump there would not 
have been an equivalent of volume overload and too 
high hemodilution, with an increase of total body water 
content and subsequent myocardial edema. 
